We conducted a study oflipid peroxidation as a marker of age -related f ree-radical damage in the human larynxthe first study of its kind. A colorimetric assay fo r malondialdehyde (MDA) and 4-hydroxy-2-nonenal (4-HNE) was p erform ed on extrac ts taken from thyroarytenoid muscle harvested fro m f resh cadaveric laryngeal specimens. Levels of MDA and 4-HNE were measured by spec tropho tometry. Correlation studies were performed by linear regression analysis. We fo und that MDA levels in human thyroarytenoid muscl e appeared to increase with age while 4-HNE levels showed a slight decrease with age. Ourfi ndings are consistent with those of previous studies of other organ systems and indicate that there is a need f orfu rther study offree-radical damage and the effects of aging on the human larynx and on voice production.
Introduction
Th e gradual deterioration of the human voice with age is a well-reco gni zed phenomenon. Num erous acou stic and physiologic studies have chara cterized the qualitative ch anges in the agin g voice, and recent studies hav e described the histopathol ogic abnormalities in the ag ing larynx , as well. How ever , the molecular processes that unde rlie the se cellular and function al chan ges rem ain poorly und erstood.
Different theories have been postul ated about the molecular mech anisms of sene scenc e.The free-radical theor y of aging is based on the hypothesi s that the endogenous build-up of free-radical spec ies results in oxidative molecul ar dam age. Mecocci et al found age-depende nt increases in markers of oxidative dam age to DNA, protein , and lipid s in human skeletal muscle.' Add itional evidence to support the free-radica l theory includes observations that (I ) oxidative dama ge to macromolecule s accumulates with norm al aging," (2) variati ons in life spans among different species con-elate inv ersely with rates of mitochondrial generation of oxidant species,' and (3) experimental interventions that extend life spans result in reductions in oxid ative damage."
To date, there has been no study of the role of free radic als and oxidative damage in the aging laryn x. The goa l of our study was to exa mine lipid peroxidation as a marker of free-radical damage in the aging larynx by assaying levels of malondi aldehyde (MDA) and 4hydroxy-2-nonenal (4-HNE) in cadave ric thyroar ytenoid muscle .
Materials and met hods
Preparation of laryngeal tissue. Laryngeal spec imens were obt ained from 22 cadav ers durin g autopsy within 24 hour s of death and stored frozen at -20 0 C. At death , the ages ofthe subject dono rs ranged from 47 to 82 years. All specimens were taken from subje cts who had had no history of laryngeal disease or traum a.
Laryn ges were thawed and sectioned, and exactly 500 mg of thyro aryteno id muscle was harvested from each larynx . Each sample was washed in ice-cold 0.9% sodium chloride and then minced and diluted to a 10% (by weight ) solution with 20 mmol of ice-cold Tris-h ydrochl oric acid buffer (pH: 7.4 ) and butyl ated hyd roxytoluene (BHT) . Each sample was homo geni zed and ce ntrifuged at 3,000 G at 4 0 C for 10 minutes. Sup ernatant was collected, and app roxim ately 200 III was used for ea ch assay.
Lipid peroxidation assay. A colorimetric assa y for
MDA and 4-HNE (Oxford Biomedical Research; Oxford, Mich. ) was used in this study . Thi s assay is based on a reaction betw een N-meth yl-2-phenylindole and either MD A or 4-HNE. Th e reaction forms a stable chromophore that reaches maximal absorbance at 586 nm.' The addition of methanesulfonic acid is used to qu antify the level of both MDA and 4-HNE (MDA + 4-HNE), and the addition Spectrophoto metry. Spectrophotometry measuring absorbance at 586 nm of serial dilutions ofMDA and 4-HNE standa rd solution s was used to cre ate standard concentration curves for each assay . Standard curves were prepared fre sh for each assay prior to spec trophotometry. Blank samples of200 ul of double-distilled water were used to zero the spectrophotometer prior to use.
Results
Sampl e concentrations (flM/L) ofMDA and 4-HNE were derived from standar d co ncen trat ion curves. MD A levels ten ded to increase wit h age and 4-HN E levels appeared to have an inverse correlation with age . Regression ana lyses for MDA and 4-HN E were perfor med to derive lines of best fit (figure). Th e bes t-fi t line for MDA was an upward slope with an r 2 value of 0.1095 (p = 0. 123) an d the 4-HNE line was a slightly downward slope wit h an r 2 value of 0.0469 (p = 0.32 1).
Discussion
Different theories have been proposed to explain the cellular and mo lecular mechanism s that underlie mammalian senes cence. One of the se theories hold s that the prim ary cau se of age -related loss of function might be attributable to somatic DNA mutations. Although few chromosomal mutations have been ass ociated with aging, man y specific mitochondrial DNA mutations do accumulate in various tissues (e.g., the brain, heart, and ske letal muscle) as individuals age. " Bec aus e mitochondria are the primary sites of oxidative pho sphorylation, the accumulation of mitoc ho ndri al DNA mutations might lead to a progressive decrease in the bo dy' s ability to produce energy in affected cells. Age-related mitochondria l DN A mutatio ns have recently been demonstrated in the huma n larynx.'
Proponen ts of the theory examined in our study espo use that free radicals are a primary ca usative fac tor in agi ng . The human body co ntinuously produces free-radical oxyge n species. A gradual deterioration of the body's ability to scavenge free radicals allows them to acc um ulate. The accumulation of free radicals leads to oxidative damage to DNA, protein, and lipids. Common ly studied byproducts of oxidative dam age are 8-hydroxy-2-deoxyguanosine (DNA dam age ), M DA (lipid peroxidation), and protein carb on yls (protein oxidation).'
With regard to lipid peroxidation, oxidati ve aldehydes app ear to arise as a result of bet a cleavage reactions of lipid hydroperoxid es, although the exact mec hani sm of this process has not been fully delineated." Like M DA , 4-HNE is an oxidative aldehyde and a well-studied byproduct of lipid peroxidation. Increased levels of 4-HNE have been identified in many pathologic processes, inclu ding Alz heimer' s disease , amyotrophic lateral sclerosis, and cerebral hypoxia.?'!'
Altho ugh numerou s studies have co nfirmed the pres- www.shippertmedical.com ence of increase d MDA levels in various aging tiss ues, 4-HNE levels have not previously been shown to be anything more than a byproduct of pathologic processes. Moreover, no study to date has shown that there is an associ ation between 4-HNE and aging. 4-HNE immunoreactivity has been found to be higher in the brain s of postnatal rats than in those of adult rats, indicatin g that 4-HNE might have a role in early mamm alian development."
Our findin gs are consisten t with those of stud ies oflipid peroxidation in other orga n systems. In our study , MDA levels appeared to increase in thyroary tenoid muscle as a function of age . In contras t, 4-HNE levels did not increase but displayed a slight negative corre lation with age . The regress ion line for MDA approached but did not reac h full statistical sign ificance (p = 0.123). Additional studies of larger popul ation s might eve ntually allow for statistical confirmatio n of the assoc iation between aging and increase d MDA levels in the larynx.
One limitation of our study was the fact that we co uld not acco unt for the influence of different confounding factors such as smoking, lifelong voca l habit s, and the general health of our donors. Moreover, the use of cadaveric laryngeal tissue was complicated by the passage of time between death and the harvest of laryngeal tissue. Finally "the tissues we examined might have been subject to stresses underlying the primary cause of death and therefore could conceivably have skewe d our res ults. However, these limit ations were unavoid able. Unl ike studies of aging and other tissues (e.g ., skeletal muscle and skin), in which samples can be removed from living persons with minim al morbidity, voca l fold tissue cannot be removed without causing significant functional complications. Perhaps studying animal models is one way to overcome some of these limit ation s.
In co nclusion, this is the first publi shed study that attempted to investigate free-radica l damage within the aging hum an larynx. Our preliminary findings sugges t thatMDA levels increase with age in human thyroarytenoid muscle. It also appears that 4-HNE levels do not increase with age. Alth ough addi tional studies are needed to confirm these findin gs, our study provides some support for the theory that free-radic al damage has a role in the aging of the larynx and in the assoc iated decline of the human voice .
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